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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent a crack from reaching the 
surface by splitting a laser beam into a plurality of subHDeams and 
• focusing them to a microarea in a member to be machined. 
SOLUTION: A single laser beam 1 1 from a laser light source 1 enters 
into a beam splitting means 2 to produce two sub-beams 12A, 12B 
entering into a focus optical system 3. A member 10 to be machined 
is mounted on a holding base 4 disposed oppositely to the focus 
optical system 3. The focus optical system 3 focuses the sub-beams 
12A, 12B to a microarea 13 in a member to be machined Absorption 
takes place by optical nonlinear phenomenon when the density of 
laser light exceeds a some threshold in the microarea 13 or the 
vicinity thereof The absorption causes optical damage or breakdown 
of optical insulation and the microarea 13 in the member 10 to be 
machined is denatured such that it can be viewed from the outside. 
Consequently, the member 10 to be machined can be marked 
internally. 
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^^<o I — if t'- A lr:J>«-r 5 XS t , 

«(rlB«ao if If- A 9 *>-n<r> u-lf tr- A S:. 

iO, atnE«aniXSWt<0**«B4)^Sr3EftS*-C^-=^r^ 

^Sr^-r^L'— Iflf- i^Sr. «aniXg8*J-OrtgB»c«Jt 
SftlS*fc!)DXgi5«-<^*3tS64^SrlSK$i3:T-^-='rVi5^ 

«araXS5«-(om3tSB5^Sra5IC$-*T-^-#i^^i-5-^- 

Sr, «a)0XeB«-<!OrtS5c?*>:5l»/h««J::m3t-r5«5fe3t 
StrfBw— rjtjS^^^ScWSnfcw— iff— ASr, -t-f^^t 

ttrlStr— Afi?^^©(;:J;«j«J^$nfcif— ASr. «aiDX 

nSS«t»ZJ!c-5 J: 5 u— if if-AS:ftAti-5 if tf— 

ttlfSu— if t*-Ai!5cM^©^»t.JfcW$ixfc u— if tr-A 

<CVHi£eT% Sftia-r-:?A»t,(^»a3t«rail5i-5Xet 

sr*i- ^ — (Dmm:fsm. 

Si:. 



05 [9SI^Og¥iN93'i:SL^] 
(0 0 0 1 1 

l^m<oR-nmiSS^ml u-if «r^v.>fc^ 

10 i*5;U!-^-=^ri'^i£e{wBai-5, 
[0 0 0 2] 

II63K<ofttBl u— 1f3ttwJ:^)r:/u— >3 vSr^tJfflb 

T. 0lJitfSI«;«f7^S«^cOttj!jDXgB«-O^ffilr-^-- 

15 ioxeB«-<o^ffi{c:aiciWj:cfijn*55g^b, ^<7>fflt>td5aii3t 

20 10 0 0 3] majLmt<o^m\zmm^^^^:^tfi 

<. ^cD(^g|5Jrw-if5feSr«3tL. IS*nxgi5$tortg?lw 
<r— =¥>'^'5rtf - 1 2 4 4 8 6-§-ii 

25 ^yiO#«rSrKJhT-#5. 
[0OO4] 

4 4 8 6-§-dJt«tcM^$4xfc:^iS»cJ:?) t , ffiJOXSm 
(D^mt^hO. 5~2. 5mmSao^$<7)fitglr-^— 

1 mm»Tro»««ro«BbOXS6*riw^— =Sf:^^^i-5 
35 (00051 B6<)l±. »««i<0«aiDXSB*t»C-^ 

lO 0 0 61 

40 lW®Sr®l*-t-^.fc*<D^Sl *«?g<75-m.^,lri5 
U'-if5ti!^*^btii#tUfcW'-ifl:'-ASr1SS»«7>u- 
ift--A(35)-fiJ-r5Xgi:. 5)-«$nfc«Sc<^^— Iff 
-ASr«e!J0XSB«-©rtS5«Oib5«k/hm«»-«)ti-5 - 1 
irj;>?, SniESyjnXigWto**gB^)-S:S^fC^-frT-v-=ar 

45 v^^i-5Xgt5:*-r^-7-^i'^^:^&*s$i^$tt5.. 
[00071 i <b i: , «»<o u— if 

tf-ASr#5Xmt. Wia^ftou— iftr-AiOptj- 
gBow-if f-A^r, «i:St^*i-?)«1^6BW-> ^■ 
(D^iB!l*»bAit$*. -teou-— if f— A?rl^«4ftg6«- 
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1 0 0 0 8 1 «a(0 W-lf f-Ad5«)tSnfc»/h®iSc 

10 0 0 91 *3gWro(ife(?)a^Jw %m::.mmi 

[0 0 10] ^MBjcDteros^Jwist. 3t«twaii:<c 
1 0 o 1 1 1 a^u— !f If— A<^4''D>ja^T'U#v^'ia[Sr 

fcllO-CfcSfc*. U#v^ffl[Sriex5®«Sr, u— iff 

100 1 2J *?6igo«&«)a/3ilwJ:5i:. !f3tiE 
tftEU— lf3tag*»bttitSttfcW— !ff--^Sr/« 

X6Kt<OrtS8«0*>5«/h®«lw«5t-t-S«3t3fe^5fi i: S: 

[0 0 131 «IS<OW~ if t*— A35S^3feSixfc^'h«« 
iwJolt'S v^— if3t<'^^^''^^***^*>S U^VNfiSSrjSx 

t*s-C#5„ l^ow— if tr— A$:R?Jt-t-^)^ 

t. fltliau-if^JK75^e>«cM$ixfcw-if t'-^Sr. ^ 
<??^^4t::ilB:5i^5?S¥^E±^::*3V^-x:-^^ «)*'L-*» fea 
5 Jc:tS&oT3t^ff A5(6;T-r 5 i 5 irfiJ^i-?. tr— 

[0 0 15] ^^m<rm<r>WLM\^xik. %mz.mmf3i 

— u— if ir— MIEV'— if f 
[00 1 61 ii^w— iflf-A(^4''C-jSfi|-CU#v^ltSr 



[0 0 171 :^%m(o^(om..^.\zx^t. fnmzjfm^ 

05 SrRgM-f-iXSi:. atllES8?^5tOp*,, «1llE5SWg6«-Sr 
[00 18] *«B^<Dte<o«,^l::J:ii. SW6B«i*9lc 

15 [0 0 1 91 .^.?g)fe;6^S3fe^©{wAMU?'j^v^fci^). S/ 
[00 20] 

[%I^O*iS<D?^«gl 01 (A) li. ^^BJro^KDH 

160y»w J: 5 ^— ^^3Sgoii)<^i^S0S:^-r. 

20 [0021] U'— if3tjSl*»bx l*«)u— if If— Ai 
1 *sUl5ti-<E), I — iff-Aiiil, \f-M,^^9i^m2 
\z?Jti-r^i f-A:J>SiJ^S2ti. u-iff— Ai 1 
2o<7>g6^J-tr— Ai 2Ai: 1 2 B ttc5J-Si|-r5>o 5^t«$ 
JxfcgBiJ^tf— A 1 2 A t 1 2 Btt. «3t3t^?R 3 l^TvJH 

25 -t^, JJCfc, gB^J^t'— A 1 2 A t 1 2 B i: <?5i^^^-/i'=¥ 
<oSi*», I — if t*— A 1 lcD3c^yi'=¥i;iiiari?L.</i 

[00 221 *3t5t^5^ 3 {;i>Ffr6)-r5 i 9 tr. ■»i$-fe4 
30 ASES^ixTV^^). im-&4 0ji(c«fADXg6«-l 0*s« 
m3t3t^^3Ji. SB^^tf-Ai 2Ai: 1 2B 
t Sr. «JOXS|fcH- 1 0 «©F»1gB«>«/h«« 1 3 t=m3fc-r 

35 i>m<^i^t. ^t/b^mm.mtizi:i,^mm:zit 

^fLhilZ,. rroaHSUcS^^. 3t^6?>taiB (Optical D 

amage)fc5VMi3t^65ite^®fig(Optical Breakdown) 

^fec. aanixa5«-i ocoss/hffiaci sdJ^au. :^sba» 

40 1 0«3rtgBl;:-r-^>'^-*"2>-i:Ji5T-t5o 

[00 231 1 3 A^P>«^-f-53t*^ Jfet^dlli 

5 ic J; 9 laJffl ^? ixi. ^t^ttJS 5 <^aiaiiS**5<5irggj@5 
#e6irji»i$n-5. — JKWJr. SCboxsmi ooitffi 

»j$-fe4 toi — if tf-A(7>3t«i:^i^lwBi-t-?)<e»<a:g 

50 i:wm-r^, r<7?j;9<-UT. aaioxgwi ow^ffijw 
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[0024] f-A^>«¥g:2 t«^5fe^*3i: 

10 0 2 51 *fc. 2*<7?gB^»K'— Al 2Ai: 1 2Bi: 
ttl 0<Dai$::^(6];cBai-5^— tf3t<^^SieSr. J:l7«S/h 

loo 2 6] giJDXgiWi 0<Dai$:^[6U::g3bT. J:>? 
10 0 2 7] Jifc. r^ttUTii. «anix 

I 0 0 2 8 1 1f3tM 1 t VXti. m^tiYAG U— 
If V Y L F u— iftf «>B» u— 1f ^BSrffl V o>asffi*fJ 

^rfflv^TiSSSr 2^&Jci-tt«^a*»M«<o«SS:*-f- 
[0 0 2 91 ^bJiis tVX^ 

[0 0 3 0] 01 (B) l±. ir— A^Jf4#S2<0— 



m 1 <^7'D Xi^ 2 A t ^ 2 o:/ y XA 2 B S:$A/T-«ffi£ 
$tt5„ Sl>S.0:M2O7'y XA2A&U=2Bli, 

[00 3 1] U— !f t'— A 1 XA2 AO 

*|Sj»cBai-i3fe^^^*Sr*i» 1 1 a T-^-r. tp^j-lwls 

[00 3 21 7'J)XA2A«?l*t<Oj^ffiA»C>tli^5)U 
— All, 20ff>U^if—-l^l 2At 1 2BtiZi^- 

Sfl$l^^). sc^j-t*— A 1 2 At 1 2 Bii, ^-n^tvTT'y 

15 XA2 B<0 2o<0;^DilC7^-r^). 7'yXA2B(Oe® 
*»f>ii. 2;3*:«o¥ff'iSB^)^tr— A 1 2 At 1 2B*Sffidt 

[0 0 3 3] roi^Jr, l^*<0 2€fiaH:ft?K37'y Xis 
Srffiv>5::tJwJ;>3. if t'— a i i 5:24i:<^ 

20 «53>tr— A 1 2 A 1 1 2 B t iw^«4-t-2> t 

01 (B) C7)^§^. iff— Al KD'p'bU 
AS, «-eB^)-t'— A l'2A, 1 2 B c^^l-^tdfitB U l'— 

•rtr— Ai i<r>mmu*^. ai 2 a. 1 2b 

rort<BitrttB-i-5, wWfc*. =&S6^>f— Al 2A, 1 
25 2 Bro^5tS55-1Sl-±> 12Aa. 12Ba T-^-fJ; 
pir, 2*<oa5^)^tf— A 1 2 At 1 2 B t<Df 

o T :»c # < <c 

100 34] r<DJ;9lr, 2*<7?S85>f— Al 2At 1 

2 B<o^{B!i<o5fe^cD:^*5. jf^m<D^mmx r> t^v\ 

30 Z<Ditib. 2*<OjS6^^tr— AS:ek/h««iw«3t$-^5ig 

fi?5jitfrt*5^t8Jw75:5, 

[0 0 3 51 J^c^fe. IfetinxSB**- 1 o<75SS'-<D«-SP5^fcr 
-^A3 10Alt^*'»^y3.;^^^lt^U<<e2)J:9twg8 
35 f9i-rsrt«s»*bv\ yy =.;^tJ'^ti-5r ttrj; 
9, Rtt«wJ;:5a^-Sr'>>S<-r5:it*5T-t?)o 

[0 0 3 6] actc. E12Sr#^.UT. ^2 (D^Jfe0iJJ::o 
v^Tiftl^i-i., 0 2 (A) {ca%-rj;5ic. m2<D|lt£ffy 
»CfcV>TH:, El (A) <75lf— A^#|^&2<oni5«3 
40 f-AS?f^#.S2 OSr^fflU-CV^S, •?:<0*fe<0#|^ 
1101 (A) (^S^tl^^T-*??), 

[ 0 O 3 7 1 u— !f 5feSI 1 *^ e>ailt l^— 1f t'— A 1 

45 i¥o-CS<'t?.. 

[0038] tf— AgJ^^S 2 0 ti, u— Hf t--A 1 1 

T5S<'i?.i9'tf>t^^^«Sr*-r5t— -!ft;--A2 1 
^iiitl-ti>^ u— y'lf— A2 l<D3t^S5J^^i5r*i»2 1 
50 a "C^i". 
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10 0 3 91 u— !ftr— Ai lSr-t«?**«3t-t-5i:. 
Iff) to Iw. ^(D3t«6S<5JCi3V^T3t^«?SV>K'— A 

10 0 4 01 z.<oii.if>. aaraxgfiWi otoJ9S:^i6Uc§l 

(004 1 ] «yjOXgB*fl 0 0531 S^FI«fl»CBiUT. it) 
[00 4 2] 132 (B) 14, ^ 2 W|IJS{R|t?teffl-r5 

ott:, igi«>nfii:ryxA2 0Ai:m2<DRi67'yXA 

2 0Bfc=S:^A/-efllfS:$n2.. ^lSTJ'^2<ORai:7'y 
XA 2 0 A t 2 O B i: li, ffiS»c^ro4''t'lfiSr#tillC 

[0 04 3] tPf— Ai mi<OR«i:/y XA 
2 0AC»]gffit:iSii:AM-t-5. iJ'K'— J* 1 1 ro^l-® 
SS(r»tm:4ii52<ORgir y XA 2 O B <OlSi^j£«^ JrT^ 
i-5J:5»C, |gl<ORfil7'yXA2 0Afclg2<Dn«l7' 

yxA2 0B^:oRgf!i;J^^lS$tb■cv^^. mzconm^ 
y XA 2 0 B (D&m*^ h mit-r ^ ^— if t^— 2 1 

[0 o 4 4] r:<oj: 9tw. i*f(7>:ry XA^{feffii-5>w 

[0045] 0 3 Sr#^. UT, % 3 <o|ll6«l;io 

v^TSLW-rs, 0 3 (A) \z.mirXo\z^ ^3co*tfe{PJ 
iriSV^TH:. 0 2 (A) AfiJ^^S 2 O <Oftt? •? 

(c, ^<C5>'^S:*i*2> K-— AS?^S3 O Sr«6^ UX 
V^5. -tWtecOflf^ttHl (A) <n^^tW^-^iy^. 
[0046] u— lf f— A 1 1 II, ^<7)3tWit-SB:'5i{5 

:fr-r^,, K'-ASJg^S 3 0 tt. 1 1 <oBr 

«-M^*5R«*ti: ''i?) <t 5 JiSrSJ^tt 3 l b 5:*-t-2) u 
— flf— A3 1 ^UlJlt-t--5. i-JSJ^-t,, if If- A 3 

— iff— A3 l<?3i^Ji*-'l'='f*iS?gW(0^— y'K'— 

[00471 J: p JiRSI^ro tr-A»rffiJ^«SrWr 
iu— iff— A3 iSr. Sfe)!)DX$6*ti OrtoSfc/hM^tr 
«3ti-S, if t*— A3 KTJ't'.OWifi^lwiottS^SS 
S<oti:^S:ai«!lT-# , 3ttt:^lSllwH bT J; ^S«X 



[0 0 4 8] aaiDXSBttl 0<7?ai$:^l6)l-BiU-C, J:») 
Sk/h'^JS^IwU'— !fK'-AS:*3t*-erifc*l-«:, ^3t 
05 3fe^»3<o««&u>'Xi: LT, /ii'<<MP»<7>:*:#<t 

[0 0 4 9] E13 (B) 14. ^3 O|ltfe0yx^ffii-5 If 
-AS|J^S3 O«>-«|j«09«:*i-. f-AE?^^ii:3 
014, ®l<ORfil>^yXA3 OAi:|g2<73n^>^y xa 
10 3 OBirSr^/uTfflffig^HSo ^lXU=m2(DRSl7'y 
XA 30At30Bi:l4, *e5:ic-5:<734'-Dt4Sr*jU- 

[0 0 5 0] H 2 (B) <^«^t;il±, u— tft*-Al 1 . 

<o^jigpco3tm*5^ 2 (^Rai:/y XA 2 0 B<DTS,^,a^ 

15 SlORSi7'yXA2 0Atm2<r> 

Rit:^y XA2 0Bt<?3raPB3»sssSSHTV^fc*s, SI 3 
(B) X(4, fgl tm20Rffiry XA(Dfem;5ii»?ft 
<$t^TV^5o :icOfc*, m2coRM7'yXA3 0B;!>» 
bUiltbfc^— Ift^— -^3 1*5, R!S4ft<o»T®J^*feS:* 

20 i-5::i:twJi5. C<^±p»-bT, RJ^»fffiSrW-r5 u 
— If tf-A*»e>Rit*ii»rffiS:*-t-2) u- 1f tr-AS:»5 

[00 5 1] lasx-tt, RJKCgfDBS:=S-r5l— iftr-i^ 
*»e>R^4RWfBSSr*-r?. w— if if-ASr^SS^trov^ 
25 raegbfc*5, ^|D*^P5R^4^»fffiSr*i-5U'— ifK'— 
A tiJ;^)-t- 5 1f ^aSSrffiffl U -C J: v \ 
[0 0 5 2] 04 (A) 14, RaHRWffiSrW-t-5 1'— if 
tr- ASrHi>!ji-5 u— if3tjR«>— «^<oStl&»rffi0S:^ 
i-„ Daffi^4 o t, -?-ni») h'hamff:>£3tS1^4 l tic 
30 J:•J5t#^SS*5fl|BS;$^^TV^^.. wro3t*«Sil4, -t^o 
rteBSra«i-53ti!*m*«ifc5lH]»a«-t-5i:, iI!iaD«4 

[0 0 5 3] r(755t#feffiSrtlC, U'-1fKESC4 2i6SEB 
35 $i^T^^5, u— !fjaEK4 2rtT-SS3fStai*sfiwD, ^ 

$tU7t l^— if tf— A;45, d}iffi|^4 1 <7?ig;;J»b^1-HT^?B 

Jc:im$ti-5. ^St^nsu— if t'-^<^^<^?ttt«^S 
ii:/iWrffi?^!Rl4, RSH^t^'iS. 
40 (00 541 03 t?l4, RH^^COU— if t*— A 3 1 JcS 
t'— AS?^^©3 o i: , if t'— A 3 1 ^Mi/t 

45 [0 0 5 5] 04 (B) 14, f— A||?^^©3 0<7)miB 
50 mia7L4 5 a *5^.«te>n, l — iff- A 1 1 iSJ|iSa4 
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S a S:iio-CiaffiiR4 6 IwAtti-S. 
[0 0 5 6] affiia4 ejCTJitbfcW'— tf 1 
11. i!bc5^4 6 t[!affi^4 5T-R#tb. iR^Jfe^S 1 
t^ioT, flOraxSBtt-i OI^<DlS/J>m«l 3ic«3ti- 

10 0 5 7] fttc. 05-^#fiRUT. S2(O^Jg0iJO^ 
JF^fi^troVNTSfte^-r?). 'tis. -nb<o^J^0!IW:. mi 

[00581 05 (A) IZ^X b Iw, ^XSWt 1 O 

o (omm tmm^z. ^ix^timtft^^m 3 a t s b *se 

[0 0 5 91 /i*5. mmf)-h?^-t^ U— -jFlf-A 2 1 

v% *fc. 2=*:tr|5Be>-f, 3*Eil±<^ I'-if t^--^Sr«fc 

3l^*3t$-erTt>J:v\ 
[0 0 6 01 05 (B) »C^-rJ:9tc, «^Jt^5^3<7> 
Mifel^^^XS a ttSaJDXS5«-l 0 (O^B ^: (ORgtw. 
.5 OSr3(E5IS-y:Tt J;v\ mt^SOtVX^ «v^?.u— 

fls^t-fr'fcvx^^ictfc'^T. «a«ixsB«-i oi^romjtft e 

Sr:;tt <i-5):i t*5-t^t?>o «3t:SSr:*:# <-r2>wi:i::: 

[006 11 05 (c) «c^-r i p iw. isanixsm i 6 

ro*ffi<^9*.^— if t*— A2 l<07^-r5ffi«l^, 
•) , ffiiDXSlPH" 1 O «>«ffi'^ro :J 5 0#^Sr>|i*9-t-5 

[0 0 6 21 sanixia5*ti o<^Sffi<o5*»^— if 

[0 0 6 31 JJctd, 06Sr#RgUT. ^-^Sf^i'iJ^UfcSB 
[0 0 6 41 0 611. -v-dr^^^L-ytSB^^STtSlSi"?):^ 



jfeSrKl^i-?»fc*<DStBS0-C*>^). ;itf7^S« 3 0(Di^ 

± y >"7>'y^^<om.m^^3 2tK ;tf7^S«3 0<OSg 

wi^ftajtSr. ;!/7;^S«3 oo— :^<o^ffifi!ll'Ea^? 

n7tCCD^)>7^<OS:)t#©3 3X'S3tb. ^-^^3 

1 

[0 0 6 51 ;^f7:^S«3 0Ote*«©«ffifflSI-tt^ S3t 

0 #©3 3<omSrapi9l::lSRM«3 4dSEB^?ix-C 

[0 0 6 61 06tw5H-«^-CI±, figW3tSr^fv^£«- 

5 3t<?>9*»:«f7;^S«3 0S:Si§-r53t*V S3t#a3 3 
j::AStUJ5cv^„ -1-'ifc*>. lili»a3t<0*^*sS3fe^S3 
3t^7JH^5. zn»c*ru. :*r^;^SS3 OOSffilM** 

[006 7] i-—^W'M\zii^xm^^ixf^-^—^ S:S¥ 

:tf7^«.S«3 OOSffi*»&<ORg?q3t<ORg»-t?ll, 

j5 — ^' 3 1 SrM^-re:: i:dSSIIIT-*)ofc, 06 l^l^-f-J: 

[0068] ^^t. -7— if 3 1 OWSlwtt. (SR##«3 

4 AJ^UaiSttifcfc. W:i:J!'5Bt<'i?>. J:»?S/Ntfc 
JO «:f6j-h^F-fr-5-i:*s-C#5). 3 4 SrM^t 

Xl^^X^XiyXW 
[0 0 6 91 <C*i, 0 6-Cll, fiB.?^3t^^7;^Sffi3 O 
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